Thank you for submitting your manuscript for consideration by The EMBO Journal. Let me first of all apologise for the exceptionally long delay in getting back to you with a decision. Unfortunately, we experienced difficulties with the availability of suitable and willing referees for this manuscript during the past Christmas season. Your manuscript has now finally been seen by three referees whose comments are shown below. As you will see while referee 3 is more critical the other referees consider the study as interesting and would support publication here after appropriate revision. I would thus like to invite you to prepare a revised manuscript in which you need to address or respond to the points raised by the referees in an adequate manner.
I should remind you that it is EMBO Journal policy to allow a single round of revision only and that, therefore, acceptance of the manuscript will depend on the completeness of your responses included in the next, final version of the manuscript. When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Peer Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process initiative, please visit our website: http://www.nature.com/emboj/about/process.html Please do not hesitate to contact me at any time in case you would like to discuss aspects of the revision further.
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely, Editor
The EMBO Journal ------------------------------------------------REFEREE COMMENTS Referee #1 (Remarks to the Author):
This m/s reports on the interaction and role of the coiled-coil domain in the C terminus of STIM1 in activation of Orai1. STIM1 has two and possibly three coiled-coil domains. We know that the second coiled-coil domain is within SOAR/CAD and is sufficient to fully activate the Orais. However, when the first coiled-coil domain is included with SOAR, the fragment is not activate. Two papers used different approaches to address the question of why this is the case and how the coiled-coil domains interact and came with an interesting mechanism. The Balla group identified a stretch of 4 negative charges on coiled-coil domain 1 that interact with 4 positive charges of the SOAR domain to block the activity of the SOAR. Once the interaction between negative-positive charges was disrupted by mutations, SOAR gained access to Orai1 and activated it. Korzeniowski et al concluded the coiled-coil domain 1 interacts with SOAR exclusively by electrostatic interaction and suggested that activation of Orai1 by STIM1 requires a conformational change that disrupts the interaction. However, they did not demonstration such a conformational change.
In an independent work, the present study asked the same question but used a different approach. They designed a conformational sensor to ask whether the two coiled-coil domains do fold with each other and actually determine whether they undergo a conformational change. The present work extents the findings of Balla et al in three important ways.
Referee #2 (Remarks to the Author):
Store-operated calcium entry is a central mechanism in physiology and pathology, and gating of the store-operated calcium channel ORAI1 has been the focus of intense effort in the last four years. The broad outlines of the sensing of calcium store depletion by the ER protein STIM1, and its movement to sites of ER-plasma membrane contact to recruit and open ORAI1 channels, are known. This manuscript presents important and novel observations that give insight into STIM1 function, and has apparently "trapped" a conformation of STIM1 that reflects a physiological activated state.
In brief, the functional STIM1 fragment OASF labeled with YFP and CFP at its N and C termini gives a substantial FRET signal in resting cells. On interacting with ORAI1 at the plasma membrane, labeled OASF undergoes a conformational change to a more "extended" conformation (this is a shorthand description of what may well be a complex conformational change). Certain point mutations in OASF produce a similar conformational change, as probed by FRET, and importantly some of these mutant OASF proteins bind more readily to ORAI1, and full-length STIM1 proteins with the same mutations activate ORAI1 constitutively. These experiments have defined a physiological activated state of STIM1, which will be a crucial tool in further cell biological studies and in dissecting the protein-protein interactions of STIM1 and ORAI1 that lead to channel gating.
There is one major criticism. Perhaps because it is not evident how the conformational change is triggered in full-length STIM1 by store depletion, the authors focus too much on the YFP-OASF-CFP sensor and the idea of the "extended" conformation itself. Most readers will be more interested in what the experiments tell us about physiological activation of STIM1, and this should be the focus in the Abstract and Discussion. Surprisingly, the current Discussion talks about mutant STIM1 proteins and their conformations without once explicitly proposing that the same conformational change occurs in native STIM1.
Although the manuscript is otherwise excellent overall, some technical issues and minor faults in the presentation need to be addressed:
(1) There is a tendency to overstate the conclusions that can be drawn from FRET data alone. FRET is not a pure measure of distance. The reduction in FRET that accompanies interaction with ORAI1 (p. 6 and Figure 2A -C) only suggests a more extended conformation. The circle is completed later by the SEC-MALS evidence that L251S and other mutants assume an extended conformation, and by the increased coupling of the mutated proteins to ORAI1.
Likewise for the argument that the reduction in FRET in L251S and other mutant proteins is larger than would result from a change in oligomerization (p. 8, Figure 3C , and Figure 4A ). FRET measurements on proteins labeled in a different way cannot answer this question. The MALS data of Figure 4C settle the issue that there is no change in the oligomerization state.
(2) It is not essential to the manuscript to dissect how much of the signal from YFP-OASF-CFP arises from intramonomer FRET. However, if the question is to be addressed, the simplest way would be to dilute YFP-OASF-CFP with increasing amounts of unlabeled OASF. There should be either no loss of FRET, if all the FRET is due to intramonomer energy transfer, or a decrease to a lower plateau that reflects the intramonomer component of FRET. Figure 1E introduces other variables and other unknowns, and leaves the fraction of intramonomer energy transfer uncertain.
(3) A further specific flaw of Figure 1E is that it artificially dramatizes the difference between the two cases examined. Even if all the FRET were intermolecular, NFRET would be decreased by half in the CFP-OASF-CFP/YFP-OASF-YFP experiment, assuming equal expression of the two labeled proteins and random association into dimers, because dimers of CFP-OASF-CFP only or YFP-OASF-YFP only contribute to the term √(Idonor x Iacceptor) in the definition of NFRET.
A different but related caveat applies to the comparison of NFRET for CFP-OASF-CFP/YFP-OASF-YFP (0.18) with the previously reported NFRET for coexpressed STIM1 proteins with a single . Under the conditions of Figure 1E , the expected NFRET due to energy transfer between N-terminal CFP and YFP labels is at most 0.06, because the additional CFP or YFP label at the C terminus of each OASF molecule doubles the √(Idonor x Iacceptor) term in the definition of NFRET. The value could be lower if the additional acceptor at the C terminus adds a competing path for donor relaxation. One conclusion that can be drawn is that there is a component of FRET that is not accounted for by energy transfer between N-terminal labels or within a monomer.
(4) There are other instances that overstate the conclusions that can be drawn from FRET.
On p. 8: That the MALS data obtained with mutant proteins are "consistent with their comparable degree of di-/oligomerization as determined by FRET." The MALS data establish that the proteins are predominantly dimeric. The FRET values do not speak one way or the other to dimerization.
On p. 13: That 2-APB causes "a slightly extended conformation" of OASF and "initiates an intramolecular transition that facilitates coupling with ORAI1." This should be presented as one possible interpretation, not as a firm conclusion required by the data. There is no actual evidence that the two decreases in FRET have a common structural basis.
(5) The claim that the thermal denaturation experiment of Figure S3 implies "a conformational change rather than an increased α-helical content" and excludes a conformational change with increased α-helix content is unconvincing.
(6) The statement on p. 9 that "previous studies identify the second coiled-coil domain as a site for interaction with ORAI1" is much more definite than the discussion of the same studies on p. 7, where it is "suggested" that the second coiled coil harbors a binding site. The latter view is more consistent with the message of the manuscript that the R426L substitution and other point mutations can result in long-range conformational changes. Impaired interaction with ORAI1 can be either the direct result of altering a contact site or the indirect result of destabilizing a conformation of STIM1 that is capable of binding ORAI1. A similar reservation applies to the reference on p. 12 to "the essential ORAI1 binding site within OASF." (7) Abstract. A precise statement of the results is that the STIM1 fragment OASF undergoes a conformational change, not that STIM1 undergoes a conformational change. (9) In Figure 2C , the point is that the FRET value is not altered at the periphery of the cell image, in contrast to the decrease seen in panels A and B. The point can be made quantitatively by taking a geometric definition of "plasma membrane" pixels as those within, say, 1.5 µm of the edge of the cell image, and calculating FRET in this region for panels A-C.
(10) Figure 3D , Figure 5 right panels, and Figure S5D Figure 3D to the images in Figures 3A and 3B , the line scanned should be shown in each case. Currently it is indicated only for the wild-type OASF images.
(11) The legends to Figures S1 and S2 are reversed. Further, " Figure S1A " legend describes Figure  S2B , " Figure S1B " legend describes a panel that is not included, and Figure S2A is not described in the legend.
(12) Labels should be added to the micrographs of Figure S1B .
Referee #3 (Remarks to the Author):
This is an interesting (but confusingly written paper) in which the authors have used domains in the cytosolic region of STIM1 to generate FRET sensors that indirectly report the conformation of STIM1. They have tethered CFP and YFP to the ends of fragments of Stim that contain the CAD/SOAR region and use the FRET measurements to suggest that this domain exists in both a closed and an open conformation. (As an aside, I don't think the field needs more abbreviations so it might be a good idea to use CAD or SOAR in the paper rather than resurrect OASF here which greatly adds to the confusion of the readers). The authors also show that the amount of FRET observed with various fret sensors decreases when the domains bind to Orai and they show that they can make mutations in the CAD/SOAR domain that decrease the FRET values and that make full length STIM1 constitutively active. Finally they show that while the CAD/SOAR bind poorly to a mutant Orai1, mutations that promote the extended conformation of the cytosolic domain of STIM have increased affinity for this mutant.
In general terms the paper is technically sound. However, the conclusions are not very novel and the justification for some of the mutations that are made on STIM1 is a little bit opaque. A recent paper from the Balla lab published in Science Signaling showed that STIM exists in both open and closed conformations. Inactive Stim1 lives in a closed conformation and multimerization of STIM causes it to transition to an open conformation that can bind to STIM. This paper uses slightly different tools to draw similar conclusions. However, the Balla paper goes somewhat further by identifying a pseudo subtrate binding site within STIM that is required to stabilize the closed conformation. In addition to the potential lack of novelty we have some additional concerns about the paper:
1. This paper suggests that Orai1 might stabilize the open conformation of Stim1. Unfortunately this conclusion is not well explained or explored.
2. This paper also provides a new set of fluorescent reagents that may be useful for studying STIM in the future. A problem with these probes is that the degree of FRET reports not only distance between the two fluorophores but also the orientation of the fluorophores. As this could change both by increasing the length of the STIM fragment and by binding of the fragment to Orai, interpretation of these results are a little complicated.
3. The results are complicated because these fragments of STIM are known to be unstable in cells. It is important to show by Western blot how much of the full length sensor is expressed relative to cleaved versions. 4.It would be useful to know the affinity of the different probes for Orai . This could be measured using purified proteins or using one of the (less accurate) in vivo approaches that have been developed.
5. It is essential to plot the amount of FRET as a function of the concentration of the probes as FRET is notoriously sensitive to probe concentration. 5. It would be nice to know if the amino acids (L251, L416, L423 and others) within the coiled coil domains of STIM are conserved in different species as this would support the idea that intramolecular conformation transition occurs via hydrophobic interactions of conserved amino acids.
6. The authors tried to keep consistency of the constructs/figures to explain the hydrophobic interaction conformation transition hypothesis. However, OASF-ext; 234-491 shown in Fig. 4 has an extended C-terminus compared to OASF-sensor 233-474. It is known that STIM1 constructs with different C-terminus extension tend to show the different behaviors therefore, it would be nice to show whether these OASF-ext sensors are similar to OASF sensors. 7. Could authors explain why these OASF-ext sensors formed dimers, not tetramers? Have you checked oligomerization of these sensors under native conditions? This m/s reports on the interaction and role of the coiled-coil domain in the C terminus of STIM1 in activation of Orai1. STIM1 has two and possibly three coiled-coil domains. We know that the second coiled-coil domain is within SOAR/CAD and is sufficient to fully activate the Orais. However, when the first coiled-coil domain is included with SOAR, the fragment is not activate. Two papers used different approaches to address the question of why this is the case and how the coiledcoil domains interact and came with an interesting mechanism. The Balla group identified a stretch of 4 negative charges on coiled-coil domain 1 that interact with 4 positive charges of the SOAR domain to block the activity of the SOAR. Once the interaction between negative-positive charges was disrupted by mutations, SOAR gained access to Orai1 and activated it. Korzeniowski et al concluded the coiled-coil domain 1 interacts with SOAR exclusively by electrostatic interaction and suggested that activation of Orai1 by STIM1 requires a conformational change that disrupts the interaction. However, they did not demonstration such a conformational change. In an independent work, the present study asked the same question but used a different approach. They designed a conformational sensor to ask whether the two coiled-coil domains do fold with each other and actually determine whether they undergo a conformational change.
The present work extents the findings of Balla et al in three important ways:
1. They measured directly the conformational change. Moreover, the conformational change was verified biophysically using purified fragments. 2. Importantly, they showed that the conformational change is facilitated by interaction of STIM1 and the fragment composed of the two coiled-coil domains with Orai1. 3. They show that the interaction between the two coiled-coil domains is not mediated exclusively by electrostatic interaction but also required hydrophobic interaction.
I have only few comments that are minor in nature.
We would like to thank the reviewer for her/his constructive comments.
1. The present findings should be discussed more extensively with the Balla's et al findings while pointing how they extend the Balla's et al work.
As suggested by the referee, we have now discussed our findings in the context of Balla`s et al. work. We have further pointed out in the Discussion section our novel findings that extend the work of Balla et al. In brief, the proposed conformational switch (i) was measured based on the development of the STIM1 C-terminal FRET sensor, (ii) was determined by in vitro experiments with purified STIM1 C-terminal wild-type and mutant fragments, (iii) was facilitated by the interaction of the STIM1 C-terminal fragment with Orai1 and (iv) involved not exclusively electrostatic interaction but was additionally controlled by hydrophobic sites within the first and third coiled-coil domains. (p13, 14)
2. The legends of figures S1 and S2 are completely messed-up and need to be corrected.
The legends of figure S1 and S2 have been corrected in the revised manuscript.
3. The results with R91W only detract from the message. Suggest removing.
The results with R91W have been mainly included to demonstrate the usability of our STIM1 Cterminal FRET sensor. We think that these experiments are of the same value and have the same intentions as those with 2-APB. Therefore, we would like to keep them in the manuscript. We agree with the reviewer by integrating the 2-APB part into the Results section (p11). We have further included and discussed the divergent and complex effects of 2-APB on STIM1 described in the above mentioned reports. While the STIM1 C-terminal FRET sensor adopted a slightly extended conformation in the presence of 2-APB concomitant to an increase in affinity for Orai1, in line with results of Wang et al., these results are distinct to those obtained with the full-length STIM1 form. L373S is listed twice, as one refers to the single point mutation and the other to the double point L373S A376S mutant.
Store-operated calcium entry is a central mechanism in physiology and pathology, and gating of the store-operated calcium channel ORAI1 has been the focus of intense effort in the last four years. The broad outlines of the sensing of calcium store depletion by the ER protein STIM1, and its movement to sites of ER-plasma membrane contact to recruit and open ORAI1 channels, are known. This manuscript presents important and novel observations that give insight into STIM1 function, and has apparently "trapped" a conformation of STIM1 that reflects a physiological activated state. In brief, the functional STIM1 fragment OASF labeled with YFP and CFP at its N and C termini gives a substantial FRET signal in resting cells. On interacting with ORAI1 at the plasma membrane, labeled OASF undergoes a conformational change to a more "extended" conformation (this is a shorthand description of what may well be a complex conformational change). Certain point mutations in OASF produce a similar conformational change, as probed by FRET, and importantly some of these mutant OASF proteins bind more readily to ORAI1, and full-length STIM1 proteins with the same mutations activate ORAI1 constitutively. These experiments have defined a physiological activated state of STIM1, which will be a crucial tool in further cell biological studies and in dissecting the protein-protein interactions of STIM1 and ORAI1 that lead to channel gating.
There is one major criticism. Perhaps because it is not evident how the conformational change is triggered in full-length STIM1 by store depletion, the authors focus too much on the YFP-OASF-CFP sensor and the idea of the "extended" conformation itself. Most readers will be more interested in what the experiments tell us about physiological activation of STIM1, and this should be the focus in the Abstract and Discussion. Surprisingly, the current discussion talks about mutant STIM1 proteins and their conformations without once explicitly proposing that the same conformational change occurs in native STIM1.
We thank the reviewer for the constructive comments. We have now included in the Abstract (p2, l5 from the bottom )as well as in the Discussion (p12, l20) the following two points (i) We suggest that the mutant STIM1 proteins that constitutively activate Orai1 imitate a physiological activated state which (ii) might mimic the conformational change that occurs in native STIM1 upon store depletion.
(1) There is a tendency to overstate the conclusions that can be drawn from FRET data alone. FRET is not a pure measure of distance. The reduction in FRET that accompanies interaction with ORAI1 (p. 6 and Figure 2A-C) only suggests a more extended conformation. The circle is completed later by the SEC-MALS evidence that L251S and other mutants assume an extended conformation, and by the increased coupling of the mutated proteins to ORAI1.
We agree with the reviewer, and generally toned down the conclusions drawn from FRET data alone (p6, l13 ftb). As suggested, we emphasized the results from MALS experiments that indicated an extended conformation of the L251S and other mutants in comparison to wild-type OASF, while no change was detected in their oligomerization states (p8, l16 ftb).
We agree with the reviewer that it is not essential to quantitatively dissect how much signal from YFP-OASF-CFP arises from intramonomer versus intermonomer FRET, particularly as the oligomerization state is not changed of OASF and mutant forms as determined by MALS experiments (again p8, l16 ftb). Further, we think the above argumentation more convincing than the suggested experimental approach, which is hampered by the uncertainty of expression levels of unlabeled OASF.
(3) A further specific flaw of Figure 1E is that it artificially dramatizes the difference between the two cases examined. Even if all the FRET were intermolecular, NFRET would be decreased by half in the CFP-OASF-CFP/YFP-OASF-YFP experiment, assuming equal expression of the two labeled proteins and random association into dimers, because dimers of CFP-OASF-CFP only or YFP-OASF-YFP only contribute to the term √(Idonor x Iacceptor) in the definition of NFRET. A different but related caveat applies to the comparison of NFRET for CFP-OASF-CFP/YFP-OASF-YFP (0.18) with the previously reported NFRET for coexpressed STIM1 proteins with a single . Under the conditions of Figure 1E , the expected NFRET due to energy transfer between N-terminal CFP and YFP labels is at most 0.06, because the additional CFP or YFP label at the C terminus of each OASF molecule doubles the √(Idonor x Iacceptor) term in the definition of NFRET. The value could be lower if the additional acceptor at the C terminus adds a competing path for donor relaxation. One conclusion that can be drawn is that there is a component of FRET that is not accounted for by energy transfer between N-terminal labels or within a monomer.
Regarding the "artificial dramatization of the two cases examined" we modified our statement to "In an attempt to roughly estimate intermolecular FRET …" (p5, l2 ftb). We further agree with the reviewer on the "related caveat", and thus we omitted FRET comparison between single and double labeled OASF in the text.
(4) There are other instances that overstate the conclusions that can be drawn from FRET. On p. 8: That the MALS data obtained with mutant proteins are "consistent with their comparable degree of di-/oligomerization as determined by FRET." The MALS data establish that the proteins are predominantly dimeric. The FRET values do not speak one way or the other to dimerization. On p. 13: That 2-APB causes "a slightly extended conformation" of OASF and "initiates an intramolecular transition that facilitates coupling with ORAI1." This should be presented as one possible interpretation, not as a firm conclusion required by the data. There is no actual evidence that the two decreases in FRET have a common structural basis.
This statement on page 8 was omitted. Moreover, it is clearly stated now: "In vitro analysis of purified OASF wild-type and mutant forms provided further evidence for distinct conformations with no change in the oligomerization state". (p8, l16 ftb)
We agree with the reviewer that the 2-APB results might allow various interpretations. We toned down the sentence "Thus, interaction of 2-APB with OASF might initiate an intramolecular transition that facilitates coupling with ORAI1, although the structural basis might distinct to that obtained by coiled-coil mutations". (p15, l1) (5) The claim that the thermal denaturation experiment of Figure S3 implies "a conformational change rather than an increased α-helical content" and excludes a conformational change with increased α-helix content is unconvincing.
The thermal denaturation curves were included to support the notion that the mutant proteins are undergoing a conformational rearrangement rather than an increased alpha-helical content, since increased helicity would be expected to stabilize the proteins which was not observed in the thermal curves. We have clarified this argument in the main text (p8). In order to support this interpretation we have noted that calmodulin also exhibits enhanced negative ellipticity by far-UV CD in response to Ca 2+ binding compared to the Ca 2+ -free form [1] with no change in secondary structure content revealed by the atomic-resolution structures [2], but rather a change in helix orientation (i.e. see main text p8, l5 ftb)).
[1] Biochem J. 1986 Sep 1;238 (2) (6) The statement on p. 9 that "previous studies identify the second coiled-coil domain as a site for interaction with ORAI1" is much more definite than the discussion of the same studies on p. 7, where it is "suggested" that the second coiled coil harbors a binding site. The latter view is more consistent with the message of the manuscript that the R426L substitution and other point mutations can result in long-range conformational changes. Impaired interaction with ORAI1 can be either the direct result of altering a contact site or the indirect result of destabilizing a conformation of STIM1 that is capable of binding ORAI1. A similar reservation applies to the reference on p. 12 to "the essential ORAI1 binding site within OASF."
We agree with the reviewer and modified the sentence on page 9 to "Previous studies focused on the second coiled-coil domain as a potential site for interaction with Orai1 C-terminus. (p9, l11 ftb) And on page 12: "As the essential ORAI1 binding site within OASF is suggested within the second rather the first coiled-coil domain …" (p13, l5) (7) Abstract. A precise statement of the results is that the STIM1 fragment OASF undergoes a conformational change, not that STIM1 undergoes a conformational change.
As suggested, the more precise statement now has been included in the abstract. (p2, l6) (8) Figure 1 . The overlay panels do not convey any added information, except in Figures 6 and S4 We have modified the indicated Figures as suggested. (9) In Figure 2C , the point is that the FRET value is not altered at the periphery of the cell image, in contrast to the decrease seen in panels A and B. The point can be made quantitatively by taking a geometric definition of "plasma membrane" pixels as those within, say, 1.5 µm of the edge of the cell image, and calculating FRET in this region for panels A-C.
As suggested by the reviewer, we have now assumed a geometric definition of "plasma membrane" pixels as those 1.5 -2 µm of the edge of the cell image and quantitatively analyzed cytosolic and "plasma membrane" FRET in Figure 2A -C. As expected, FRET values in Figure 2C are similar in the cytosolic and membrane region. We have now stated in the results section "The ORAI1 L273S mutant that exhibits disrupted communication with STIM1 (Muik et al, 2008) consistently failed to interact with OASF conformational sensor displaying a rather uniform, high FRET that is similar in cytosolic and plasma membrane regions. (Fig. 2C) ." (p6, l4 ftb) (10) Figure 3D , Figure 5 right panels, and Figure S5D plot Figures 5 and S5. ) To relate the graphs in Figure 3D to the images in Figures 3A and 3B , the line scanned should be shown in each case. Currently it is indicated only for the wild-type OASF images.
Line-scans were extracted from individual images as indicated by the dashed lines with a total scan width of 25 pixels corresponding to a length of 5µm. Intensity values along each individual scan were normalized to the highest value in the respective scan. Then normalized line-scans were aligned for averaging either at the peak maximum or along the increasing slope representing the cell edge when no clear peak was present. The key points have now been included in the Methods section. (p17, l11 ftb) (11) The legends to Figures S1 and S2 are reversed. Further, " Figure S1A " legend describes Figure S2B , " Figure S1B " legend describes a panel that is not included, and Figure S2A is not described in the legend.
The legends of Figure S1 and S2 have been corrected.
Labels have been added.
This is an interesting (but confusingly written paper) in which the authors have used domains in the cytosolic region of STIM1 to generate FRET sensors that indirectly report the conformation of STIM1. They have tethered CFP and YFP to the ends of fragments of Stim that contain the CAD/SOAR region and use the FRET measurements to suggest that this domain exists in both a closed and an open conformation. (As an aside, I don't think the field needs more abbreviations so it might be a good idea to use CAD or SOAR in the paper rather than resurrect OASF here which greatly adds to the confusion of the readers). The authors also show that the amount of FRET observed with various fret sensors decreases when the domains bind to Orai and they show that they can make mutations in the CAD/SOAR domain that decrease the FRET values and that make full length STIM1 constitutively active. Finally they show that while the CAD/SOAR bind poorly to a mutant Orai1, mutations that promote the extended conformation of the cytosolic domain of STIM have increased affinity for this mutant. In general terms the paper is technically sound. However, the conclusions are not very novel and the justification for some of the mutations that are made on STIM1 is a little bit opaque. A recent paper from the Balla lab published in Science Signaling showed that STIM exists in both open and closed conformations. Inactive Stim1 lives in a closed conformation and multimerization of STIM causes it to transition to an open conformation that can bind to STIM. This paper uses slightly different tools to draw similar conclusions. However, the Balla paper goes somewhat further by identifying a pseudo substrate binding site within STIM that is required to stabilize the closed conformation. In addition to the potential lack of novelty we have some additional concerns about the paper:
We have improved readability of the manuscript in several points, based also on the input of the other referees. Regarding the potential lack of novelty, we have emphasized those results in the Discussion section (p 13, 14) that clearly extend the findings of Balla and co-workers. In brief, while the cited report hypothesized that STIM1 exists in both open and closed conformations, we were able to monitor the proposed conformational change by the development of the STIM1 C-terminal FRET sensor and verified it biophysically by in vitro SEC-MALS experiments with purified STIM1 C-terminal wild-type and mutant fragments. Furthermore, Ballas work identified electrostatic interactions between the first and second coiled-coil domain, while our study focused on hydrophobic sites in the first and third coiled-coil domains that enabled engineering of conformationally tight and extended STIM1 mutants.
We would like to keep OASF as an abbreviation, particularly as it refers to CAD/SOAR extended by the first coiled-coil domain and represents the STIM1 C-terminal fragment that is utilized in the majority of experiments.
This paper suggests that Orai1 might stabilize the open conformation of StimUnfortunately this conclusion is not well explained or explored.
Based on the results of Fig. 2 , we suggested that the OASF FRET sensor assumed an extended conformation upon interaction with Orai1. As this required intact N-and C-termini of ORAI1 (Fig.  2C, Fig. 5A ), it is tempting to speculate that the extended conformation reflects bridging of OASF between ORAI1 cytosolic termini, which is facilitated by the OASF coiled-coil mutants (L251S, L416, 423S) pre-locked in the extended conformation. (included in Discussion section, p12, l2 from the bottom)
We agree with the reviewer that the degree of FRET does not only report the distance but also the orientation of the fluorophores and thus we have toned down the conclusion (p5, l10) and implemented this point in the manuscript (p6, l11 ftb). Additionally, the major evidence that OASF can adopt two conformations, e.g. an extended conformation due to point mutation, is not only derived from FRET measurements but also demonstrated by in vitro MALS experiments.
3. The results are complicated because these fragments of STIM are known to be unstable in cells. It is important to show by Western blot how much of the full length sensor is expressed relative to cleaved versions.
We agree with the reviewer and have now performed a Western blot from HEK293 cells expressing the OASF FRET conformational sensor. The blot consistently showed a single band corresponding to the complete YFP-OASF-CFP FRET sensor form, without any smaller, cleaved fragments. We have now implemented this blot into Fig. D1 and described in the Results section (p5, l8 ftb).
4. It would be useful to know the affinity of the different probes for Orai. This could be measured using purified proteins or using one of the (less accurate) in vivo approaches that have been developed.
We want first to stress out that among the various STIM1 C-terminal CFP/YFP labelled probes, we choose the OASF FRET sensor as that probe was optimal according to the criteria given in the manuscript (p5). Regarding the interaction capability as one criterion, we determined relative affinities estimated from line scan density profiles: The smaller the amount of probe that remained cytosolic, the higher is its relative affinity for ORAI1. We have carried out a comparison on the relative affinities of the 233-430, 233-474 (OASF) and the complete C-terminal 233-685 probe. The OASF probe exhibited the highest affinity, which was markedly reduced with the complete Cterminus and abolished with the 233-430 probe, as expected from previous reports (Muik et al., 2009 ). These observations have been included in the manuscript as new Suppl. Fig. S1 and described in the Results section (p6, l12).
It is essential to plot the amount of FRET as a function of the concentration of the probes as FRET is notoriously sensitive to probe concentration.
We agree with the reviewer, and therefore we blotted N FRET versus YFP-OASF-CFP concentration estimated from the YFP intensity of individual cells (see Fig. 1-reviewer 3) . The correlation coefficient obtained from a linear fit excluded any dependence.
6. It would be nice to know if the amino acids (and others) within the coiled coil domains of STIM are conserved in different species as this would support the idea that intramolecular conformation transition occurs via hydrophobic interactions of conserved amino acids.
We agree with the reviewer that this is an important issue. Indeed, all four residues (L251, L416, L423, R426) we have focused on are highly conserved in nine species except C. elegans. The sequence alignment has now been included as new Suppl. Figure S3 and the conservation has been stated in the result section (p7, l13; p8, l9).
7. The authors tried to keep consistency of the constructs/figures to explain the hydrophobic interaction conformation transition hypothesis. However, Fig. 4 has an extended C-terminus compared to OASF-sensor 233-474. It is known that STIM1 constructs with different C-terminus extension tend to show the different behaviors therefore, it would be nice to show whether these OASF-ext sensors are similar to OASF sensors.
The L251S, L416S and L423S mutants of the OASF-ext 234-491 fragment exhibited an extended conformation in comparison to the wild type form as derived from MALS experiments. According to the suggestion of the reviewer, we further examined sensor constructs with increasing C-terminal extensions with the L251S mutation exemplarily introduced. Both L251S sensor mutants with increasing C-terminal extensions displayed a decrease of FRET in comparison to their wild-type forms (please see Fig. 2-reviewer 3) consistent with the notion that these OASF-ext sensors behave similar to the OASF sensor. Thank you for sending us your revised manuscript. Our original referee 2 has now seen it again, and you will be pleased to learn that in his/her view you have addressed all criticisms in a satisfactory manner. Still, I was wondering whether you would like to consider modifying the manuscript in response to the remaining comments of referee 2 (see below).
Furthermore, there are two editorial issues that need further attention: First, prior to accepting manuscripts we always do a cross check to see if there is any similarity between the accepted manuscript text and previous published work. In your case, the cross check picked up some passages in the introduction and methods section that show similarity to two of your previous papers (Schindl et al. 2009 (PNAS 106, 19623-19628) in red (1) and Schindl et al. 2009 (Cell Calcium 46, 227-232) in green (2). Please refer to the attached CrossCheck results for details. I recognise that it is your own work that the present manuscript text shows similarity to and that for some of the passages it may not be straightforward to use alternative phrases. Still, I would like to ask you to modify the relevant highlighted passages.
Second, please upload the figures as separate files in the final version (1 file per figure) . The supplementary material, however, should be uploaded as one merged file.
Thank you very much for your cooperation.
We are looking forward to receiving the final version of the manuscript.
Yours sincerely,
Editor
The EMBO Journal ------------------------------------------------REFEREE COMMENTS Referee #2 (Remarks to the Author):
The authors have responded fully to all my comments. The current manuscript is the first demonstration of two conformational states of STIM1 cytoplasmic domain, which may correlate with the resting and activated states in cells, and constitutes an important and novel contribution to the field.
The authors (and the other referees) might still reconsider the view that the experiments demonstrate "the involvement of hydrophobic interactions in the intramolecular transition." The manuscript does not define the sites of contact between putative coiled coil 1 and other parts of STIM1. It is still an open question, for example, whether L251 makes direct contact with the CAD/SOAR domain or takes part in a more local interaction that stabilizes a resting conformation of STIM1, with the actual coiled coil 1-CAD/SOAR contacts made elsewhere. To draw an analogy, if we made mutations in the hydrophobic core of an enzyme that destabilized the protein fold, and we observed reduced enzymatic activity, we would not be correct in concluding that hydrophobic interactions were the basis for catalysis.
In Figure 2C , the NFRET panel seems to section the cell at a different level than the other panels, based on the shape and dimensions of the sectioned nucleus.
2nd Revision -authors' response 24 February 2011
Answer to Reviewer 2:
We thank the reviewer for the rapid and constructive comments!
We have now modified the mentioned sentence in the abstract to "Extended conformations were also engineered by mutations within the first and third coiled-coil domains in the cytosolic portion of STIM1 revealing the involvement of hydrophobic residues in the intramolecular transition." (p2, l9) Fig 2C: We have re-checked NFRET analysis in Fig. 2C which is correct. The NFRET panel sections the cell at the same level as the CFP/YFP images. However, some regions that are hardly visible in the CFP/YFP image due to reduced brightness indeed result in correct FRET
